a2 United States Patent

Bottlang et al.

US009314286B2

US 9,314,286 B2
Apr. 19, 2016

(10) Patent No.:
(45) Date of Patent:

(54)

(71)

(72)

(73)

")

@
(22)

(65)

(63)

(1)

(52)

BONE SCREW WITH MULTIPLE THREAD
PROFILES FOR FAR CORTICAL LOCKING
AND FLEXIBLE ENGAGEMENT TO A BONE

Applicants: Zimmet, Inc., Warsaw, IN (US);
Michael Bottlang, Happy Valley, OR
(US); Josef Doornink, Portland, OR
(US)

Inventors: Michael Bottlang, Happy Valley, OR

(US); Michael K. Keith, Winona Lake,

IN (US); Josef Doornink, Portland, OR

(US); Anthony Lee Koser, Warsaw, IN

(US)

Assignee: Zimmer, Inc., Warsaw, IN (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

Appl. No.: 14/265,662

Filed: Apr. 30, 2014
Prior Publication Data
US 2014/0358185 Al Dec. 4, 2014

Related U.S. Application Data

Continuation of application No. 13/040,066, filed on
Mar. 3, 2011, now Pat. No. 8,740,955, which is a
continuation-in-part of application No. 11/058,935,
filed on Feb. 15, 2005, now Pat. No. 8,197,523.

Int. Cl.
A61B 17/04 (2006.01)
A6IB 17/86 (2006.01)
(Continued)
U.S. CL
CPC ... A61B 17/863 (2013.01); A61B 17/8042

(2013.01); A61B 17/16 (2013.01); A61B
17/8057 (2013.01)

zﬁms

(58) Field of Classification Search
CPC .. A61B 17/7059; A61B 17/70; A61B 17/863;
A61B 17/16; A61B 17/8042; A61B 17/8057,
F16B 35/041; F16B 35/048
USPC coovivveeeiienee 606/300-320; 411/411, 424
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

6/1972 Bosacco
8/1984 Gustilo ....ccoovvereninnnnn 606/308

(Continued)

3,670,724 A
4,463,753 A *

FOREIGN PATENT DOCUMENTS

CN 1285721 A 2/2001
CN 101296663 A 10/2008

(Continued)
OTHER PUBLICATIONS

“U.S. Appl. No. 13/040,066 , Response filed Sep. 5, 2013 to Non
Final Office Action mailed Jun. 20, 2013”, 11 pgs.

(Continued)

Primary Examiner — Todd E Manahan
Assistant Examiner — Tara R Carter

(74) Attorney, Agent, or Firm — Schwegman Lundberg &
Woessner, P.A.

(57) ABSTRACT

Osteosynthesis constructs for treating bone fractures and
bone screws for use in such systems are disclosed. The bone
screws include a threaded front section configured for
engagement with cortical bone, a threaded mid-section and an
unthreaded neck section configured for limited movement
within the near cortex of the bone. Osteosynthesis constructs
of'the type disclosed promote secondary healing by allowing
for substantially parallel motion at the near and far cortex
within the effective motion range for callus formation.

20 Claims, 7 Drawing Sheets




US 9,314,286 B2

Page 2

(51) Int.Cl. FR 742618 A 1/1933
A61B 17/80 (2006.01) JP 2010527726 A 8/2010

JP 2014513999 A 6/2014

A61B 17/16 (2006.01) WO WO-8904150 Al 5/1989

WO WO-2004112587 A2 12/2004

(56) References Cited WO WO0-2008124726 Al 10/2008
WO WO0-2012116819 Al 9/2012

U.S. PATENT DOCUMENTS
OTHER PUBLICATIONS

4,854,311
4,959,064
4,978,350
5,015,134
5,019,078
5,041,114
5,053,036
5,147,361
5,334,204
5,382,195
5,709,686
5,725,581
5,741,258
5,954,722
6,129,730
6,228,085 Bl
6,238,417 Bl
6,270,499 Bl
6,306,140 Bl
6,309,393 Bl
6,342,055 Bl
6,558,387 B2
6,585,740 B2
6,595,993 B2
6,712,820 B2
7,294,130 B2
7,637,928 B2
7,695,472 B2
8,740,955 B2
2002/0142265 Al
2002/0156474 Al
2002/0198527 Al
2003/0149436 Al
2004/0071527 Al
2004/0172030 Al
2004/0230195 Al
2004/0260291 Al
2005/0010224 Al
2005/0010226 Al
2005/0085818 Al
2005/0101961 Al
2005/0154390 Al
2005/0216005 Al
2005/0240190 Al
2005/0266383 Al
2005/0277940 Al
2006/0004361 Al
2006/0116678 Al
2006/0129147 Al
2006/0173462 Al
2006/0195099 Al
2007/0016200 Al
2007/0191848 Al
2007/0233071 Al
2007/0233122 Al
2008/0140076 Al
2008/0188899 Al
2008/0317812 Al
2009/0062868 Al
2009/0171403 Al
2009/0240289 Al
2009/0270925 Al
2010/0114315 Al
2012/0029579 Al

> B 0 e > 0 e >

8/1989
9/1990
12/1990
5/1991
5/1991
8/1991
10/1991
9/1992
8/1994
1/1995
1/1998
3/1998
4/1998
9/1999
10/2000
5/2001
5/2001
8/2001
10/2001
10/2001
1/2002
5/2003
7/2003
7/2003
3/2004
11/2007
12/2009
4/2010
6/2014
10/2002
10/2002
12/2002
8/2003
4/2004
9/2004
11/2004
12/2004
1/2005
1/2005
4/2005
5/2005
7/2005
9/2005
10/2005
12/2005
12/2005
1/2006
6/2006
6/2006
8/2006
8/2006
1/2007
8/2007
10/2007
10/2007
6/2008
8/2008
12/2008
3/2009
7/2009
9/2009
10/2009
5/2010
2/2012

Steffee
Engelhardt
Wagenknecht
Gotoh
Perrenetal. ................. 606/313
Chapman et al.
Perren et al.
Ojimaetal. ....cooeoeenee 606/70
Clewett et al. ................ 606/312
Hiler

Talos et al.
Branemark
Klaue et al.
Bono

Bono et al.
Theken et al.
Cole

Leu et al.
Siddiqui

Tepic et al.
Eisermann et al.
Errico et al.
Schlapfer et al.
Donno et al.
Orbay

Orbay
Fernandez
Young

Bottlang et al.
Weissman
Wack et al.
Muckter
McDowell et al.
Dendo
Tipirrneni
Kaikkonen et al.
Jensen

Watkins et al.
Grady, Jr. et al.
Huebner
Huebner et al. ................ 606/72
Biedermann et al.
Howland

Gall et al.
Aravena et al.
Neff

Hayeck et al.
Impellizzeri
Biedermann
Kay et al.
Bottlang
Jackson

Wack et al.
Dewey et al.
Denis

Jackson
Bottlang

Zhang et al.
Casutt
Tipirneni
Zipprich et al.
Aryan
Manderson
Bottlang et al.

FOREIGN PATENT DOCUMENTS

EP 0251583 A2
EP 0355035 A2
EP 0355035 Bl

1/1988
2/1990
5/1994

“U.S. Appl. No. 13/040,066, Non Final Office Action mailed Jun. 20,
2013”, 14 pgs.

“U.S. Appl. No. 13/040,066, Notice of Allowance mailed Jan. 30,
2014”, 8 pgs.

“U.S. Appl. No. 13/040,066, Response filed Apr. 15,2013 to Restric-
tion Requirement mailed Feb. 13, 2013”, 9 pgs.

“U.S. Appl. No. 13/040,066, Restriction Requirement mailed Feb.
13, 20137, 7 pgs.

“International Application Serial No. PCT/EP2012/000894, Interna-
tional Preliminary Report on Patentability mailed Sep. 12, 2013, 7
pgs.

“International Application Serial No. PCT/EP2012/000894, Search
Report mailed Jun. 11, 20127, 10 pgs.

“International Application Serial No. PCT/EP2012/000894, Written
Opinion mailed Jun. 11, 20127, 7 pgs.

Bottlang, et al., “A Nonlocking End Screw Can Decrease Fracture
Risk Caused by Locked Plating in the Osteoporotic Diaphysis”,
Journal of Bone & Joint Surgery, vol. 91, (2009), 620-627 pgs.
Bottlang, et al., “Effects of Construct Stiffness on Healing of Frac-
tures Stabilzed with Locking Plates”, Journal of Bone & Joint Sur-
gery, vol. 92, (2010), 12-22 pgs.

Bottlang, et al., “Effects of Construction Stiffness on Healing Frac-
tures Stabilized with Locking Plates”, Scientific Exhibit SE 81,
Annual Meeting New Orleans, LA, (2010), 2 pgs.

Bottlang, et al., “Far Cortical Locking Can Improve Healing of Frac-
tures Stabilized with Locking Plates”, Journal of Bone & Joint Sur-
gery, vol. 92 Issue 7, (Jul. 7, 2010), 1652-1660 pgs.

Bottlang, et al., “Far Cortical Locking Can Reduce Stiffness of
Locked Plating Constructs While Retaining Construct Strength”,
Journal of Bone & Joint Surgery, vol. 91, (2009), 1985-1994 pgs.
Claes, et al., “Effects of Mechanical Factors on the Fracture Healing
Process”, Clinical Orthopaedics and Related Research, No. 3558,
(1998), S132-S147 pgs.

Lujan, et al., “Locked Plating of Distal Femur Fractures Leads to
Inconsistent and Asymmetric Callus Formation”, Journal Orthop.
Trauma, vol. 24, No. 3, (Mar. 2010), 156-162 pgs.

“Furopean Application Serial No. 12707983.8, Examination Notifi-
cation Art. 94(3) mailed Jan. 8, 20157, 3 pgs.

“Chinese Application Serial No. 201280019889.7, Office Action
mailed Apr. 23, 20157, (W/ English Translation), 9 pgs.

“Chinese Application Serial No. 201280019889.7, Response filed
Sep. 7, 2015 to Office Action mailed Apr. 23, 20157, (W/ English
Translation), 10 pgs.

“U.S. Appl. No. 11/058,935, Final Office Action mailed Jul. 19,
20107, 15 pgs.

“U.S. Appl. No. 11/058,935, Final Office Action mailed Nov. 12,
20087, 17 pgs.

“U.S. Appl. No. 11/058,935, Non Final Office Action mailed Jan. 4,
20107, 11 pgs.

“U.S. Appl. No. 11/058,935, Non Final Office Action mailed Apr. 29,
20097, 12 pgs.

“U.S. Appl. No. 11/058,935, Non Final Office Action mailed May 30,
20087, 9 pgs.

“U.S. Appl. No. 11/058,935, Notice of Allowance mailed Mar. 12,
20127, 10 pgs.

“U.S. Appl. No. 11/058,935, Response filed May 4, 2010 to Non
Final Office Action mailed Jan. 4, 20107, 15 pgs.

“U.S. Appl. No. 11/058,935, Response filed Jul. 16, 2008 to Non
Final Office Action mailed May 30, 2008”, 13 pgs.

“U.S. Appl. No. 11/058,935, Response filed Jul. 28, 2009 to Non
Final Office Action mailed Apr. 29, 20097, 11 pgs.

“U.S. Appl. No. 11/058,935, Response filed Nov. 18, 2010 to Final
Office Action mailed Jul. 19, 20107, 15 pgs.



US 9,314,286 B2

Page 3
(56) References Cited “U.S. Appl. No. 12/025,819, Response filed Jan. 13, 2012 to Non
Final Office Action mailed Sep. 13, 20117, 9 pgs.
OTHER PUBLICATIONS “Japanese Application Serial No. 2013-555794, Notice of Reasons

. . for Rejection mailed Jan. 26, 20167, (W/ English Translation), 10
“U.S. Appl. No. 11/058,935, Response flied Feb. 3, 2009 to Final

Office Action mailed Nov. 12, 2008”, 17 pgs. pes.

“U.S. Appl. No. 12/025,819, Non Final Office Action mailed Sep. 13, . .
20117, 8 pgs. * cited by examiner



U.S. Patent Apr. 19,2016 Sheet 1 of 7 US 9,314,286 B2




US 9,314,286 B2

Sheet 2 of 7

Apr. 19,2016

U.S. Patent

FIG. 3




U.S. Patent Apr. 19,2016 Sheet 3 of 7 US 9,314,286 B2

1 |
6 ) L
CRORNRE N
1 | old

Vi

T
1

=

iy

i




U.S. Patent Apr. 19,2016 Sheet 4 of 7 US 9,314,286 B2

FIGIO Flg il
5™
FIG.12
4 Mﬂﬁ}&i 9
1 —
F]Gi3 F1G.14
r" .
FIG 15, _FIG.16
%f\y



US 9,314,286 B2

Sheet S of 7

Apr. 19,2016

U.S. Patent

FIG.18




U.S. Patent Apr. 19,2016 Sheet 6 of 7 US 9,314,286 B2

IDEALLY PARALLEL MOTION (100%)

H00L

R e o

=009

AXIAL LEAD APPLIED TO CONSTRUCT
FIG. 19

T e (1

NEAR CORTEX MOTION AS A PERCENTAGE OF FAR CORTEX MOTION
(Ideally parallel motion is achieved when near cortex motion reaches 100% of far cortex motion)

R R A B AR IR

ey OOZ

R R R R S R S R AR B RN ARG, 00 [

| | |
1 1 1 1 1
] = [ = (=] [=] L=
o~ (= o0 =1 -+ [aN]
— —

NOLLOW XHLY0D ¥vd1 40 % V SV NOILOW X41¥0D ¥ViN



U.S. Patent Apr. 19,2016 Sheet 7 of 7 US 9,314,286 B2

Z
0

00r1
0GET
00t1
05T
00Tl
0GIT
0011
0801
000T
056
006
0&8
008
0L
00L
059
009
0c¢
00¢
)%
0G¥
0s€
00¢
0sT

ideally parallel motion (100%)

FIG. 20

Near Cortex Motion as a Percentage ot Far Cortex Motion
Axial Load applied to Construct (N)

(Ideally parallel motion 1s achieved when near cortex motion reaches 100% of far cortex motion)

120

TOTIOTA] X31107)
JB,] JO 04, © S8 UONOJ XILOT) JBAN



US 9,314,286 B2

1
BONE SCREW WITH MULTIPLE THREAD
PROFILES FOR FAR CORTICAL LOCKING
AND FLEXIBLE ENGAGEMENT TO A BONE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/040,066, filed Mar. 3, 2011, which is a
continuation-in-part of U.S. patent application Ser. No.
11/058,935, filed Feb. 15, 2005, now issued as U.S. Pat. No.
8,197,523, the contents of which is incorporated by reference
herein in its entirety.

FIELD OF DISCLOSURE

The present disclosure relates generally to the field of
medical devices. In particular, embodiments of the present
disclosure relate, but are not limited, to a bone screw with
features and/or attributes to provide positive-locking but flex-
ible engagement to a bone. Even more particularly, the
present disclosure relates to bone plate systems, including the
bone screws used therewith, that are less stiff (as compared to
existing systems) and thereby promote effective and substan-
tially more uniform callus formation at the fracture site dur-
ing initial bone healing.

BACKGROUND

Bone screws have typically been used to directly compress
osteosynthesis plates onto the bone in order to align and
stabilize a bone fracture. In this utilization, bone screws are
not fixed rigidly to the bone plate, and the resulting frictional
force between the plate and the bone is solely responsible for
the stability of the osteosynthesis construct. Loosening of the
screws in the bone or a resorption of the bone can thus easily
lead to a loss of stability.

To avoid such loosening, and for the purpose of improving
vascularity in a manner that minimizes damage to the bone
surface, means for rigid locking of a bone screw in a bone
plate and elevated fixation of a bone plate over the bone
surface have been introduced. For example, in one prior art
implementation, a positive-locking system between the screw
and plate is effectuated by means of a bone plate with conical
plate holes. The conical plate holes provide a rigid connection
between the plate and the fixation screws, even after the
screw-bone interface has loosened. In another prior art imple-
mentation, a positive-locking system is effectuated by fitting
screw holes in the plate with inside threads. These threaded
holes accept bone screws fitted with a second threaded por-
tion which is widened compared to the conventional threaded
screw shank segment, to facilitate engagement with the inside
thread of the plate hole. These prior art positive-locking
screws are designed to be threaded into the first bone surface
underlying the plate, or into both the first and second bone
surface of a quasi-cylindrical bone cross-section underlying
the plate.

While these positive-locking osteosynthesis constructs
provide superior stability, their stiffness can pose increased
stress to the screw-bone interface. This has introduced failure
modes, in which the bone resorbs or fractures adjacent to the
outermost screw in the plate, since this screw absorbs the
majority of the stress as the load is transferred from the bone
to the plate.

Furthermore, the stiffhess of the fixation construct sup-
presses small motion at the fracture site, which otherwise can
be beneficial for fracture healing by inducing a fracture cal-

15

25

40

45

55

2

lus. Less stiff external fixators similarly impose positive-
locking between bone pins and an external fixation bar. How-
ever, flexion of the considerably long fixation pins allows for
controlled motion at the fracture site that is of sufficient
magnitude to induce fracture healing by callus formation.
While positive-locking plate-screw constructs employ a simi-
lar fixation principle as an external fixator, the close proxim-
ity of the plate to the bone surface prohibits elastic flexion of
the screw segment between the plate and the bone.

SUMMARY

In one aspect, the present disclosure is directed to a bone
screw having a head portion and a shaft portion. The shaft
portion includes a proximal neck section, a threaded mid-
section and a threaded front section distal to said mid-section.
The mid-section has a thread profile different from the thread
profile of the front section and the threaded front section is
configured for engaging cortical bone.

In another aspect, the present disclosure is directed to a
bone plate and bone fastener system. The system includes a
metal plate having an elongated body including a first end and
a second end. The plate body defines a plurality of apertures
extending therethrough. The system further includes a plural-
ity of fasteners wherein at least one of said fasteners has a
head portion and a shaft portion. The shaft portion has an
unthreaded neck section, a threaded mid-section, and a
threaded front section distal to said mid-section. The threaded
front section is configured to engage the far cortical wall of a
bone. The mid-section has a thread profile different from the
thread profile of the front section.

In yet another aspect, the present disclosure is directed to a
method for treating a bone fracture with an osteosynthesis
construct. The method includes determining, by diagnostic
means, one or more of the size of the bone and/or the thick-
ness of the cortical wall. The method further includes select-
ing a metal plate comprising an elongated body having a first
end and a second end. The plate body further includes a
plurality of apertures extending therethrough. The method
further includes aligning at least a section of the elongated
body with the diaphysis of the bone to bridge the fracture site.
A screw for attaching the plate to the diaphysis is selected.
The screw has a shaft including an unthreaded neck section, a
threaded mid-section, and a threaded front section distal to
the mid-section. The selection of the screw is based at least on
the thickness of said cortical wall. The method further
includes providing a pilot hole in at least the near cortex of the
bone, wherein the diameter of said pilot hole is greater than
the diameter of screw neck portion. The screw is then
advanced so that substantially the entire front section of the
screw engages the far cortex of the bone and substantially no
part of the threaded mid-section engages any bone during the
far cortical engagement.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described by way of exem-
plary embodiments, but not limitations, illustrated in the
accompanying drawings in which like references denote
similar elements, and in which:

FIG. 1 shows a side-view of a bone screw, in accordance
with one aspect and some embodiments disclosed herein, in
association with a transverse cross-section of a tubular bone
segment and a bone plate;

FIG. 2 shows a side-view of the bone screw, in accordance
with other embodiments;
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FIG. 3 shows a method for attaching a bone screw to a
bone, using an embodiment ofthe bone screw of FIGS. 1-2, in
accordance with another aspect and other embodiments of the
present disclosure;

FIG. 4 shows a top view of a plate hole in accordance with
other embodiments, and another aspect of the present disclo-
sure, suitable for use to practice the method of FIG. 3;

FIG. 5 is a perspective view of a bone plate construct
applied to a fractured bone including one embodiment of a
bone screw of the present disclosure in relation to two alter-
native or cumulative fracture sites;

FIG. 6 is a cross-sectional side view of the bone plate
(osteosynthesis) construct attached to a fractured bone with
bone screws of the present disclosure on both sides of the
fracture site;

FIG. 7 is a side view of one embodiment of a bone screw of
the present disclosure;

FIG. 8 is an enlarged cross-sectional view of the bone
screw of FIG. 7 taken along line 8-8 and showing the thread
profile at the junction of the mid-section and front section of
the shaft;

FIG. 9 is a cross-sectional end view of the bone screw of
FIG. 7 taken along line 9-9;

FIG. 10 is an enlarged side view of the thread profile of the
mid-section of the bone screw shown in FIG. 7,

FIG. 11 is an enlarged side view of the thread profile of the
front section of the bone screw shown in FIG. 7.

FIG. 12 is a side view of another embodiment of a bone
screw of the present disclosure;

FIG. 13 is a cross-sectional view of a portion of the bone
screw of FIG. 12 taken along line 13-13 and showing an
expanded core section;

FIG. 14 is a cross-sectional end view of the bone screw of
FIG. 12 taken along lines 14-14;

FIG. 15 is an enlarged side view of the thread profile of the
mid-section of the bone screw of FIG. 12;

FIG. 16 is an enlarged side view of the thread profile of the
front section of the bone screw of FIG. 12;

FIG. 17 is an enlarged view of a portion of the fracture site
of FIG. 6;

FIG. 18 is an enlarged view of a bone screw of the present
disclosure, including a bone screw cap, wherein the bone
screw is inserted at an angle to the central axis of the plate
aperture;

FIG. 19 is a graph showing near cortex motion as a per-
centage of far cortex motion in a simulated tibial diaphysis
with constructs using bone screws of the present disclosure
and constructs using only bi-cortical locking screws; and

FIG. 20 is a graph showing near cortex motion as a per-
centage of far cortex motion in a simulated femoral diaphysis
with constructs using bone screws of the present disclosure
and constructs using only bi-cortical locking screws.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

Tlustrative embodiments of the present disclosure include,
but are not limited to, a bone screw, an osteosynthesis con-
struct, and associated methods for using the bone screw and/
or the osteosynthesis construct.

Various aspects of the illustrative embodiments will be
described using terms commonly employed by those skilled
in the art to convey the substance of their work to others
skilled in the art. However, it will be apparent to those skilled
in the art that alternate embodiments may be practiced with
only some of the described aspects. For purposes of explana-
tion, specific numbers, materials, and configurations are set
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forth in order to provide a thorough understanding of the
illustrative embodiments. However, it will be apparent to one
skilled in the art that alternate embodiments may be practiced
without the specific details. In other instances, well-known
features are omitted or simplified in order not to obscure the
illustrative embodiments.

The phrase “in one embodiment” is used repeatedly. The
phrase generally does not refer to the same embodiment;
however, it may. The terms “comprising”, “having” and
“including” are synonymous, unless the context dictates oth-
erwise.

The terms “minor” and “core” when used to describe a
diameter of a screw or screw shaft are used interchangeably
and have the same meaning.

Referring now to FIG. 1, illustrated therein is bone screw 1
in accordance with various embodiments and one aspect of
the present invention. Additionally, bone screw 1 is illustrated
with a cross sectional view of tubular bone 3 and bone plate 2.
As illustrated, for the embodiments, bone screw 1 includes a
head portion 4 and an adjoining shaft portion having a front
section 7, a mid-section 6, and a neck section 5. As will be
described in more detail below, in various embodiments, at
least two of sections 5-7 are endowed with complementary
features and/or attributes, such that bone screw 1 may be
positively-locked, but flexibly engaged to a bone. Addition-
ally, bone screw 1 may be employed in conjunction with bone
plate 2 to form an osteosynthesis construct. Further, potential
advantages that may be obtained from adapting, and using
bone screw 1 will also be described below.

For the embodiments, bone screw 1 is a rotationally sym-
metrical unitary piece having a central axis, depicted by the
dotted line running from head portion 4 through the neck, mid
and front sections 5-7 of the shaft portion. In various embodi-
ments, bone screw 1 is made of a biocompatible material, e.g.
stainless steel or titanium.

For the illustrated embodiments, front section 7 has a core
diameter of d1, and is threaded for secure fixation of bone
screw 1 in the far bone surface, termed far cortex 8. The length
of threaded front section 7 is sufficient to span or exceed the
thickness of far cortex 8.

Further, for the illustrated embodiments, threaded front
section 7 may incorporate a self-tapping feature 9, which
allows for insertion of bone screw 1 without the need for
tapping of a screw thread. Additionally, for the illustrated
embodiments, threaded front section 7 may also incorporate a
self-drilling feature 10, which allows for screw insertion
without the need for pre-drilling a hole in the cortex. Still
further, for the illustrated embodiments, threaded front sec-
tion 7 may also incorporate a second self-drilling feature 11
located toward mid-section 6, which allows for screw
removal (withdrawal) to penetrate newly formed bone at the
perimeter of the screw hole (cavity) 15 in the near cortex 12.
The term “screw hole” is also referred to herein as “pilot
hole”” The terms “screw hole” and “pilot hole” both refer to
the element in the Figures identified by reference numeral 15.
These terms are used interchangeably and have the same
meaning.

Still referring to FIG. 1, mid-section 6 of the shaft portion
has a diameter d2. The diameter d2 may be constant, or may
alter towards the neck section 5 in a manner to induce essen-
tially evenly distributed bending and strain along mid-section
6 as aload perpendicular to the central axis of bone screw 1 is
applied to head portion 4 of bone screw 1. The diameter d2
may be as large as the core diameter of the threaded front
section, but may be smaller and may be as small as 50% ofthe
core diameter of the threaded front section 7. Additional
examples of bone screw 1 wherein the core diameter of mid-
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section 6 is smaller than the core diameter of front section 7
are also disclosed with reference to FIGS. 5-18. The length of
mid-section 6 extends through a substantial portion of the
distance between the near and far cortex.

The geometry of mid-section 6 effectively determines the
stiffness for the connection between bone 3 and bone plate 2.
In various embodiments, the geometry is selected such that
mid-section 6 has a bending ability to accommodate flexion
along the central axis of bone screw 1, to allow for controlled
relative motion between bone 3 and bone plate 2. In various
embodiments, the bending ability is sufficient to accommo-
date excessive loading of the osteosynthesis construct. In
such event, mid-section 6 provides for a controlled failure
mechanism to delay or prevent more detrimental failure
modes, such as plate bending or bone fracture. Further, this
elasticity may also improve the ability of head portion 4 to
engage bone plate 2, especially for embodiments where
engagement involves engaging threads 13 of head portion 4
with threaded through hole 14 of bone plate 2, and the “screw
holes” in the bone and threaded through hole 14 of bone plate
2 are not precisely concentric.

The exact geometric attributes of mid-section 6 is applica-
tion dependent, that is, it may vary from one application to
another. Further, for the illustrated embodiments of FIGS.
1-4, mid-section 6 is illustrated as being unthreaded. In alter-
nate embodiments, mid-section 6 may be threaded instead.
Examples of such alternative embodiments where mid-sec-
tion 6 is threaded are described in greater detail below with
particular reference to FIG. 5-18.

Continuing to refer to FIG. 1, neck section 5 has a core
diameter of d4 and spans the width of near cortex 12 without
being rigidly fixed innear cortex 12, with near cortex 12 being
the bone surface underlying bone plate 2. The diameter d4
may be as large as the core diameter of threaded front section
7, and may be as small as 50% of the core diameter of
threaded front section 7. The diameter d4 is smaller than the
diameter d5 of screw hole 15 in the near cortex. The differ-
ence between d4 and d5 determines the amount of flexion the
screw shaft will accommodate before neck section 5 contacts
screw hole 15 in near cortex 12.

The resulting axial and translational degree of freedom
between screw neck 5 and screw hole 15 in the near cortex
plays a significant role in realizing the benefits of far cortex
fixation, including reduction of construct stiffness and reduc-
tion of stress concentrations at the screw-bone interface. In
addition, the resulting axial and translational degree of free-
dom also relates to the degree of bone movement of the two
bone segments at the fracture site relative to each other, and
consequently to the effective and substantially uniform callus
formation at the site. Contact of the screw shaft with near
cortex 12 due to increased loading of the osteosynthesis con-
struct may provide additional support, and may dynamically
increase construct stiffness.

Referring now also to FIG. 2, wherein various alternate
embodiments of bone screw 1 are illustrated. For these alter-
nate embodiments, instead of the reduced neck diameter
design shown in FIG. 1, alternative means to achieve the
desired degree of freedom between the neck section 5 and
near cortex 12 are employed. For the embodiments, mid-
section 6 is provided with a short, elevated cutting flute 16 of
diameter d3. The diameter is at least as big as the outer
diameter of threaded front section 7, and may be up to twice
as big as the outer diameter of threaded front section 7. A
screw shaft having a portion of an increased diameter (e.g.,
core diameter) with a cutting element such as cutting flute 16
may also be provided with a bone screw 1 wherein the core
diameter of neck section 5 and the core diameter of mid-

10

15

20

25

30

35

40

45

50

55

60

65

6

section 6 are smaller than the core diameter of front section 7.
Such embodiments are discussed in greater detail below.
Thus, during screw insertion, cutting flute 16 will further
expand the diameter of screw hole 15 in near cortex 12,
initially established with a smaller diameter for allowing front
section 7 to pass through, to ensure that neck section 5 of bone
screw 1 is not rigidly fixed in near cortex 12. During screw
removal/withdrawal, cutting flute 16 may again expand screw
hole 15 in near cortex 12 to remove newly formed bone.

Referring now to both FIGS. 1 and 2 as well as FIGS. 5-18,
for the illustrated embodiments, head portion 4 is provided
with a conical shape, and in some embodiments is fitted with
athreaded portion 13. In various embodiments, thread portion
13 is widened, compared to the threads of front section 7. This
threaded head is adapted to engage with the inside thread that
partially defines plate hole or aperture 14 in bone plate 2 to
form a positive-locking mechanism between bone screw 1
and bone plate 2. In other embodiments disclosed herein,
head portion 4 may be unthreaded. For example, as shown and
described in more detail below in connection with FIGS. 5,
7-11 and 17-18, head portion 4 may be unthreaded and spheri-
cal. Bone screws of this type may be further provided with cap
48 that has an external thread adapted to engage an internal
thread within aperture 14 of a corresponding bone plate 2, as
will be recognized by those of skill in the art. Notwithstand-
ing such differences, for purposes of the present disclosure,
the same reference numerals are otherwise used in the various
embodiments to refer to similar elements or features of the
bone screw, the plate or the entire system or construct. Use of
the same reference numerals, such as numeral “1” for the
bone screw and numeral “2” for the bone plate is not intended
to suggest that the screws, plates and constructs do not differ
in other respects.

Also, while the foregoing descriptions have been presented
with bone screw 1 and plate 2 illustrated in the context of a
cross-section of a tubular bone. Those skilled in the art will
appreciate that the present invention is not so limited, and
may be practiced in non-tubular situation.

Still referring to FIGS. 1-2, in various applications, bone
screw 1 is inserted through bone plate 2 into bone 3. More
specifically, in various applications, bone screw 1 is inserted
substantially perpendicular to the surface plane of bone plate
2, and is substantially aligned with the central axis ofthe plate
hole of bone plate 2. During screw insertion, bone plate 2 may
or may not be elevated from the bone surface 17. Screw
insertion will terminate as soon as the threaded screw head
section 4 is fully seated in the corresponding threaded plate
hole 14. After screw insertion, bone plate 2 is positively
locked to bone screw 1, and will maintain the elevation from
the bone surface given during screw insertion.

In various applications/embodiments, two or more far cor-
tex bone screws 1 of FIGS. 1-2 may be associated with bone
plate 2 to form an osteosynthesis construct. The stiffness of
the construct may be adjusted by the complementary geom-
etry provided to the bone screws 1, and by the number of bone
screws 1.

In other applications/embodiments, one or more far cortex
bone screws 1 of FIGS. 1-2 may be combined with one or
more conventional positive-locking bi-cortical or near cortex
bone screws to provide for a more gradual load transfer
between the bone and the bone plate. Bi-cortical locking
screws are screws that engage the bone at both the near cortex
12 and far cortex 8. Thus, bi-cortical locking screws will
typically include screw threads (or other engagement means)
at least at the distal end of the screw shaft and the proximal
end of the screw shaft. Indeed, bi-cortical locking screws are
often threaded along the entire length of the screw shaft.
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Inasmuch as bi-cortical locking screws engage or are other-
wise rigidly fixed within the near cortex (in addition to the far
cortex), the neck section within the pilot hole 15 does not
move either by virtue of a smaller shaft diameter and/or
expanded pilot hole diameter. More typically, however, in
most applications where far cortical locking is utilized and a
less stiff osteosynthesis construct is desired, all of the bone
screws extending through the diaphysis are bone screws of the
type described herein, namely, bone screws that only engage
far cortex 8 and allow for limited movement of neck section 5
within the near cortex 12.

In still other applications/embodiments, one or more far
cortex bone screws 1 of FIGS. 1-2 may be combined with one
or more conventional, non-locking bi-cortical screws to
improve fixation strength and durability.

FIG. 3 demonstrates another implementation/application
of far cortex locked screw 1 for compression of a bone frac-
ture 17. For the implementation/application, far cortex locked
screw 1 is employed to provide an offset 18 between the plate
hole axis 19 and the axis 20 of the screw hole in the far cortex.
To achieve compression at the fracture site 17 that is spanned
by the osteosynthesis construct, bone screw 1 can be inserted
in the far cortex 8 parallel to the axis of the corresponding
plate hole and fracture site 17, but slightly further away from
the fracture site 17 as compared to the axis of corresponding
plate hole. This non-concentric screw insertion is made pos-
sible by the elastic bending ability of the screw shaft to engage
the screw head into the threaded plate hole. This in turn
transmits prolonged compression to fracture site 17 due to the
elastic force stored in the screw shaft.

The offset between the screw hole axis 20 in far cortex 8
and the corresponding plate hole axis 19 may be in the range
of 1 mm to 5 mm. Screw insertion in the far cortex under such
offset may be accommodated since the screw neck is smaller
in diameter than the near cortex screw hole and the plate hole
21.

In various embodiments, if a larger offset is desirable, the
plate hole 21 may be adapted by elongating the hole in direc-
tion of the longitudinal plate axis, and towards the end of the
plate, as depicted in FIG. 4. In other words, a portion of the
circumference of the substantially circular plate hole 21 may
be extended in the desired direction.

With reference to FIGS. 5-18, described below are addi-
tional embodiments of bone screws that provide uni-cortical
engagement, that is, engagement of bone screw 1 with only
the far cortex 8 while allowing neck section 5 a limited range
of'motion within pilot (or screw) hole 15 in the near cortex 12.
Thus, like the embodiments of FIGS. 1 and 2, the alternative
embodiments described below include a threaded front sec-
tion 7 for engaging far cortex 8. Also, as described in connec-
tion with the embodiment of FIG. 1, mid-section 6 has a
stiffness and a bending ability that can accommodate a degree
of flexion along the central axis of bone screw 1, thereby
providing a osteosynthesis construct of less stiffness (when
compared to systems that employ screws for bi-cortical
engagement). Furthermore, the embodiments described
below include a mid-section 6 that is likewise threaded (as
also disclosed above in connection with the embodiment of
FIG. 1), but still maintains the desired bending ability.

Turning first to FIGS. 5-6, an exemplary osteosynthesis
construct useful in the treatment of bone fractures and par-
ticularly in the secondary healing through callus formation at
the fracture site 31 is shown. The bone construct includes
plate 2 and one or more types of bone screws, including one
or more of bone screw 1 of the present disclosure. As shown
in FIG. 5, plate 2 includes an elongated body 34 having a first
end 36 and a second end 38. Plate 2, which is typically made
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of a metal such as, but not limited to, titanium, stainless steel,
or alloys thereof, is preferably anatomically contoured for
conforming placement against bone 3. As shown in FIG. 5,
plate 2 may include a widened or laterally extending portion
atthe first (e.g., proximal) end 36 or at the second (e.g., distal)
end 38, for contact with the metaphysis or epiphysis of bone
3. The remainder of plate 2 is aligned against the diaphysis of
bone 31, so as to bridge fracture site 31. Of course, plate(s) 2,
may be provided in different shapes and sizes as necessary.
Bone plates 2 for treating fractures of different long bones,
including the femur, tibia and humerus, and that are useful in
the systems and methods disclosed herein are available from
Zimmer, Inc., of Warsaw, Ind.

As discussed above and shown in FIGS. 5 and 6, the bone
plate system typically includes a plurality of bone screws 1
for engaging the far cortical wall (far cortex 8) of bone 3. In
addition to screws of the type described herein, additional
bone screws for engaging other parts of the bone and different
bone types may also be included in the surgical procedure.
For example, bone screws 50 for engaging cancellous bone at,
for example, the metaphysis or epiphysis of the bone may also
be employed in combination with bone screws of the present
disclosure intended for engagement of the far cortex 8. Can-
cellous bone is sometimes referred to as “spongy bone” and
has a more open structure than the more dense cortical bone.
Thus, cancellous bone screws may have a different thread
profile (as that term is defined below) than the thread profile
of bone screw 1. Use of cancellous bone screws 50 and
placement of such screws in combination with bone screws 1
of the present disclosure will depend, in part, on the number
and location of the fracture sites 31 and/or 31'. Placement of
bone screws 1 described herein relative to other screws and
fracture sites 31 or 31' is discussed in more detail below. The
plate(s) and different types of screws, i.e., screws for engag-
ing cancellous bone and screws for engaging the far cortex 8
may be provided as a single kit, with (optionally) the tools
required to attach the same and other accessories such as
spacers, locking caps and the like.

Turning now to FIG. 7, there is shown another embodiment
of bone screw 1 for use with bone plate 2, wherein the bone
screw 1 is adapted or configured for attachment to the far
cortex 8. As shown in FIG. 7, bone screw 1 includes a head
portion 4, neck section 5, mid-section 6, and front section 7.
Bone screw 1 may be made of any metal suitable for use with
bone, such as the previously mentioned titanium, stainless
steel, and alloys thereof. One such alloy is a titanium-vana-
dium-aluminum alloy, known commercially as TIVA-
NIUM® Ti-6Al-4V alloy, which is used and available in
osteosynthesis products sold by Zimmer, Inc of Warsaw, Ind.
The surface of bone screw 1 may be treated by zirconia bead
blast or other surface treatment techniques, which may
improve the fatigue strength and provide other desirable
properties to bone screw 1.

Inasmuch as the bone size among different patients will
vary, bone screw 1 is preferably dimensioned to allow for its
use in a range of bone sizes and bone types. Thus, bone screw
1 may come in a variety of lengths and diameters to allow for
use with different bones (e.g., femur, tibia, humerus) as well
as different bone sizes of the same. Typically, but without
limitation, bone screw 1 will have a diameter of anywhere
between 3.0 mm and 6.0 mm measured at the largest major
diameter of bone screw shaft. More specifically, bone screw 1
may have a major diameter of approximately 3.0 mm, 3.5
mm, 4.0 mm, 4.5 mm, 5.0 mm, up to approximately 6.0 mm.

Similarly, bone screw 1 may have any desirable length and
more specifically any length that allows for substantially full
engagement with the far cortex 8. In one embodiment, bone
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screw 1 will have a length between approximately 20 and 70
mm. For example, bone screw 1, for use with tibial and
humeral plates may, in one embodiment, have a length
between approximately 20 mm and approximately 60 mm
when the largest major diameter is in the range of about 3.5
mm to 4.5 mm and, more preferably, approximately 4.0 mm.
Bone screw 1, for use in a femoral plating construct may,
depending on the material, be larger and have a length of
between about 30 mm to about 60 mm, with a largest major
diameter of approximately between 4.5 and 5.5 mm and,
more typically, approximately 5.0 mm. The selection of the
bone screw required for a given surgical procedure is made by
the physician after examination of the patient’s bone size and
other bone characteristics by X-ray or other diagnostic
means.

As noted above, bone screw 1 will typically include a
threaded front section 7. The threads of front section 7 are
configured to, among other things, fixedly engage cortical
bone and in particular the far cortical bone 8. As in the
previously described embodiments, threaded front section 7
terminates in a pointed distal tip 11 and may incorporate a
self-tapping element 9, which allows for insertion without the
need for tapping a screw thread. Optionally, front section 7
may also have a self-drilling element (as described in con-
nection with the embodiment of FIG. 1) although more typi-
cally a pilot hole is provided by using a dedicated drilling tool
as will be known to those of skill in the art.

As disclosed above, mid-section 6 may also be threaded.
Inasmuch as the bone constructs described herein are
intended to be temporary and are removed once the bone has
healed, in one embodiment, mid-section 6 may include a
reverse thread to allow for more effective removal of bone
screw. Also, in that regard, mid-section 6 may preferably
include one or more cutting flutes 46 as shown in FIG. 7 and
also in FIG. 9 to further assist in screw removal. Cutting flutes
46 may be equally spaced about central axis 23 of bone screw
1. In one embodiment, 3 sets of cutting flutes equally spaced
about the central axis 23 of bone screw 1 in mid-section 6 are
provided.

Typically, mid-section 6 will have a different thread profile
than the thread profile of front section 7. By “different thread
profile.” it is meant that the thread form of mid-section 6 and
front section 7 differ in one or more respects, such as, major
diameter, minor or core diameter, length of the threaded sec-
tion, thread pitch, thread angle, shape and angle of the thread
root, and the like. Thus, for example, as shown in FIG. 7, and
in more detail in FIGS. 8-11, the threaded portion of front
section 7 has a larger core diameter d,than the diameter d,,, of
mid-section 6. By providing mid-section 6 with a reduced
minor/core diameter d,, relative to the core diameter d, of
front section 7, mid-section 6 retains its desired bending
properties and simultaneously provides means for effective
removal of screw 1.

The relative lengths of front section 7, mid-section 6, and
neck section 5 are selected to achieve desired objectives of far
cortical locking including, among others, flexion without fail-
ure at the mid-section 6 and range of motion for neck section
5 within the near cortex. Thus, the relative lengths may be
substantially identical, similar, or may vary as needed. More
particularly, the relative lengths of front section 7, mid-sec-
tion 6 and neck section 5 are selected to accommodate differ-
ent bone sizes and bone characteristics so that when bone
screw 1 is fully implanted (1) the far cortex is at least sub-
stantially engaged by front section 7, (2) no part or at least
substantially no part of mid-section 6 engages any part of the
near or far cortex, (3) the stiffness of mid-section is sufficient
to provide the desired bending ability under expected axial
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loading, (4) mid-section 6 quickly engages the near cortex
upon screw removal, (5) substantially all of neck section 5
resides within pilot (screw) hole 15 and (6) neck section 5
enjoys a sufficient clearance on either side to allow for a
limited degree of motion. With regard to pilot hole 15 clear-
ance, in accordance with the present disclosure, a gap of
between approximately 0.2 mm and 0.6 mm and more typi-
cally approximately 0.5 mm on either side of neck section 5
within the near cortex may be desirable in most applications.

Set forth below in Tables 1 and 2 are listings of certain
exemplary bone screws in accordance with the present dis-
closure and more particularly bone screw 1 of FIG. 7 with,
among other things, the relative lengths of neck section 5,
mid-section 6 and front section 7 for a bone screw 1 having a
selected major diameter (d,,,;). The listings provided below
are not intended to be exhaustive or limit the scope of the
invention in any way. In any event, bone screws 1 listed in
Table 1 are typically made of a titanium having a mid-section
6 with a major diameter of approximately 4.85-5.0 mm; a
mid-section 6 minor diameter of approximately 3.05-3.2 mm,
a neck section diameter of approximately 3.35-3.45 mm; a
front section minor diameter of approximately 4.25-4.4 mm;
and a front section major diameter of approximately 4.85-5.0
mm. The screws listed in Table 1 are intended for use with a
pilot hole diameter in the near cortex of approximately 3.35-
3.45 mm to provide a neck section 5/pilot hole clearance of
approximately 0.416-0.475 mm on either side of the neck
section 5.

TABLE 1
d,,q/Length Neck Section Mid-Section Front Section
(mm) (mm) (mm) (mm)
5.0/30 5 11 10
5.0/32 6 12 10
5.0/34 7 13 10
5.0/36 8 14 10
5.0/38 8 13 13
5.0/40 8 15 13
5.0/42 8 17 13
5.0/44 8 19 13
5.0/46 8 21 13
5.0/48 8 23 13
5.0/50 8 25 13
5.0/52 8 27 13
5.0/54 8 29 13
5.0/56 8 31 13
5.0/58 8 33 13
5.0/60 8 35 13

The screws listed in Table 2 are typically made of a TIVA-
NIUM® alloy having a mid-section 6 with a major diameter
of approximately 3.85-4.0 mm; a mid-section 6 minor diam-
eterd,,, of approximately 2.45-2.6 mm; a neck section 5 diam-
eter of approximately 2.45-2.6 mm; a front section 7 minor
diameter of approximately 3.25-3.4 mm; a front section
major diameter of approximately 3.85-4.0 mm. The screws
listed in Table 2 are intended for use with a pilot hole diameter
in the near cortex of approximately 3.28-3.3 mm to provide a
neck section 5 pilot hole clearance of 0.341-0.425 mm on
either side of the neck section 5.

TABLE 2
d,,q/Length Neck Section Mid-Section Front Section
(mm) (mm) (mm) (mm)
4.0/24 6 5 8
4.0/26 7 6 8
4.0/28 7 7 9
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TABLE 2-continued

d,,q7/Length Neck Section Mid-Section Front Section
(mm) (mm) (mm) (mm)
4.0/30 7 8 10
4.0/32 7 10 10
4.0/34 8 11 10
4.0/36 9 12 10
4.0/38 9 11 12
4.0/40 9 13 12
4.0/42 9 15 12
4.0/44 9 17 12
4.0/46 9 19 12

Other differences in the thread profiles of mid-section 6
and front section 7 may include the thread pitch. As shown in
FIGS. 7 and 8, front section 7 may include a double lead
thread form. Thus, the pitch “a” (distance between adjacent
thread crests) of mid-section 6 may, for example, be twice that
of the pitch “b” of front section 7 as shown in FIG. 8.
Although the thread pitch “a” of mid-section 6 and front
section 7 need not differ and may be identical, a finer pitch
within front section 7 may provide for more rapid advance-
ment of bone screw 1 into the more dense cortical bone.

FIGS. 10-11 show additional aspects of the thread profiles
of mid-section 6 and front-section 7. For example, thread
angle o of both threaded portions may be identical (e.g., 60°)
and at least substantially symmetrical, while the roots 42 of
the threads within the respective sections 6 and 7 may differ.
For example, as shown in FIGS. 10-11, the more shallow
thread root 42 of front section 7 may have a flatter profile than
the deeper thread root 42 of mid-section 6, which is more
torroidal in its profile.

Turning now to FIG. 12, there is shown a further alternative
embodiment of bone screw 1. As with the bone screw shown
in FIG. 7, bone screw 1 of FIG. 12 likewise includes a
threaded front section 7 and a threaded mid-section 6. As in
the embodiment of FIGS. 7-11, bone screw 1 of FIGS. 12-16
may have any desirable length and more preferably any length
that allows for substantially full engagement with the far
cortex 8. In one embodiment, bone screw 1 will have a length
between approximately 20 and 70 mm. For example, bone
screw 1, for use with tibial and humeral plates may, in one
embodiment, have a length between 20 mm and approxi-
mately 60 mm with an outer diameter in the range of about 3.0
mm to 4.0 mm and, more preferably, approximately 3.5 mm.
Bone screw 1, for use in a femoral plating construct, may
likewise have a length of approximately 20-60 mm and have
a larger diameter of between approximately 4.0 and 5.0 mm
and, more typically, approximately 4.5 mm.

Threaded front section 7 and threaded mid-section 6 of
bone screw 1 shown in FIGS. 12-16 may also differ in their
thread profiles. As in the embodiment previously described,
mid-section 6 may have a smaller core diameter d,,, than the
core diameter d, of front section 7. As in the preceding
examples, the core diameter of mid-section 6 should provide
the shaft of screw 1 with sufficient strength and still maintain
the desired bending ability when subjected to different axial
loads. For example, where bone screw 1 has a major diameter
of approximately 3.5 mm, mid-section 6 may have a minor/
core diameter d,, of between approximately 2.5 mm and 2.7
mm while front section 7 may have a minor/core diameter d,
of between approximately 2.7 mm and 2.8 mm. In a bone
screw having a larger major diameter, such as approximately
4.5 mm, the core diameters of the mid-section 6 and front
section 7 may be between approximately 3.1 mm and 3.3 mm
and 3.4 mm and 3.5 mm, respectively. Of course, the dimen-
sions of any screw may further depend on the material of the
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screw. Thus, the exemplary dimensions identified above are
more typical of bone screws made of materials that are more
stiff than the above described titanium and titanium alloys,
such as, but not limited to, stainless steel.

Bone screw 1 shown in FIGS. 12 and 13-16 may further
include an expanded core portion 44 typically located
between mid-section 6 and front section 7. As shown in
greater detail in FIG. 13, expanded core portion 44 has a
minor/core diameter that is greater than the minor/core diam-
eter of mid-section 6 and/or front section 7. In addition,
expanded core portion 44 may include a cutting element 46,
such as cutting flutes spaced about the screw central axis 19 as
seen in FIG. 12. Like the enlarged collar portion described
above in the embodiment of FIG. 2, expanded core portion 44
allows for expansion of pilot hole 15 in the near cortex 12 in
order to accommodate movement of neck portion 5 within the
pilot hole as previously described. Bone screw 1 with an
expanded core section 44 and cutting element 46 is particu-
larly advantageous in bone plate attachment procedures
where the initial pilot hole, while large enough to accommo-
date front section 7 does not provide the sufficient clearance
at the near cortex to accommodate movement of neck section
5 within pilot hole 15.

By providing the expanded core portion 44 on the shaft of
the screw itself, the pilot hole may be expanded to the desired
diameter without the need for a separate drilling tool or drill-
ing step. Although shown as being between mid-section 6 and
front section 7, the expanded core section of portion 44 may
also be located elsewhere along the shaft provided that it is
distal to neck section 5. Also, it will be understood that an
expanded core section of the type described above is not
limited to bone screw 1 shown in FIG. 12, but may also find
application in other screws disclosed herein, including, bone
screw 1 of FIGS. 1 and 7. Finally, although the expanded core
section of portion 44 may have a major diameter that is larger
than the major diameter of either front section 7 or mid-
section 6 (as shown in FIG. 2), an expanded core section of
portion 44 where the major diameter is equal to the remainder
of'the screw diameter will provide a screw of a uniform major
diameter and may be preferred.

Set forth in Tables 3 and 4 are additional listings of certain
exemplary bone screws like bone screw 1 of FIG. 12 with,
among other things, the relative lengths of neck section 5,
mid-section 6 and front section 7 for a bone screw having a
selected major diameter (d,,,;). The listings provided below
are not intended to be exhaustive or limit the scope of the
invention in any way. Thus, bone screws listed in Table 3 are
typically made of stainless steel and have a mid-section 6 with
a major diameter of between approximately 3.35 mm-3.5
mm, a mid-section minor diameter of between approximately
2.45 mm-2.60 mm; a front section 7 minor diameter of
between approximately 2.59 mm-2.74 mm and a major diam-
eter of between approximately 3.35 mm-3.5 mm, and a neck
section 5 diameter of between approximately 2.55 mm-2.65
mm. Inaddition, screws listed in Table 3 will typically have an
expanded core portion 44 with a major diameter of between
approximately 3.4 mm-3.5 mm, a minor diameter of between
approximately 3.15 mm-3.25 mm, and a thread height of
between 0.05-0.175. The expanded core portion preferably
expands the original diameter of pilot hole 15 original diam-
eter (approximately 2.667 mm-2.718 mm) to provide neck
section 5 with a clearance of approximately 0.25 mm-0.35
mm on each side.
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TABLE 3
d,,/Tength Neck Section Mid-Section  Front Section Expanded
(mm) (mm) (mm) (mm) Core (mm)
3.524 7.5 3 8 2
3.5/26 8.5 5 8 2
3.5/28 9.5 7 8 2
3.5/30 9.5 7 10 2
3.5/32 9.5 9 10 2
3.5/34 10.5 11 10 2
3.5/36 11.5 13 10 2
3.5/38 12.5 15 12 2
3.5/40 12.5 17 12 2
3.5/42 12.5 19 12 2
3.5/44 12.5 21 12 2
3.5/46 12.5 23 12 2
3.5/48 12.5 21 12 2
3.5/50 12.5 23 12 2
3.5/52 12.5 25 12 2
3.5/54 12.5 27 12 2
3.5/56 12.5 29 12 2
3.5/58 12.5 31 12 2
3.5/60 12.5 33 12 2

Bone screws listed in Table 4 may likewise typically be
made of stainless steel and may have a mid-section major
diameter of approximately 4.35 mm-4.5 mm and a minor
diameter of between approximately 3.05 mm-3.2 mm, a neck
section diameter of between approximately 3.35 mm-3.45
mm, a front section major diameter of between approximately
4.35 mm-4.5 mm and minor diameter of between approxi-
mately 3.28 mm-3.43 mm. The bone screws listed in Table 4
may have an expanded core portion 44 with a major diameter
of'between approximately 4.4 mm-4.5 mm, a minor diameter
of between approximately 4.18 mm-4.28 mm with a thread
height of between approximately 0.035 mm-0.16 mm.
Expanded core portion 44 expands pilot hole 15 (from an
approximate original diameter 3.66 mm-3.71 mm) to provide
a gap of between approximately 0.365 mm-0.465 mm on
either side of neck section 15.

TABLE 4
d,,/Length  Neck Section Mid-Section Front Expanded
(mm) (mm) (mm) Section (mm)  Core (mm)
4.5/24 7.5 5 8 2
4.5/26 8.5 7 8 2
4.5/28 9.5 7 8 2
4.5/30 9.5 7 10 2
4.5/32 9.5 9 10 2
4.5/34 10.5 11 10 2
4.5/36 11.5 11 10 2
4.5/38 12.5 11 12 2
4.5/40 12.5 13 12 2
4.5/42 12.5 15 12 2
4.5/44 12.5 17 12 2
4.5/46 12.5 19 12 2
4.5/48 12.5 21 12 2
4.5/50 12.5 23 12 2
4.5/52 12.5 25 12 2
4.5/54 12.5 27 12 2
4.5/56 12.5 29 12 2
4.5/58 12.5 31 12 2
4.5/60 12.5 33 12 2

With regard to thread pitch, mid-section 6 and front section
7 may have an identical pitch as shown in FIG. 13 or may have
a different pitch as described above in connection with the
embodiment of FIG. 7. Finally, other differences in thread
profile between mid-section 6 and front section 7 may include
the shape of the thread root 42. As shown in FIGS. 15-16,
thread root 42 of the threaded front section 7 includes a
flattened portion at the root in contrast to the shorter flattened
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portion of the thread root in the threaded portion of mid-
section 6 shown in FIG. 16. The shallower thread root of front
section 7 may also be more torroidal rather than defined by
discrete angles.

In addition, the screws shown in FIGS. 12-16 may also
include a threaded head, as previously shown and described.
Threaded head engages the corresponding threads found in
apertures 14 and eliminates the need for a locking cap
described below and shown in FIGS. 5, 17-18.

In accordance with the surgical method of forming a bone
construct for bone healing, bone plate 2 is provided and
placed against bone 3 as seen in FIG. 5. As indicated above,
plate 2 is anatomically contoured to substantially conform to
the shape of the bone undergoing treatment whether it is the
femur, tibia or humerus, or other bone. Spacers may be pro-
vided to lift plate 2 off the bone during attachment. Typically,
several bone screws are used and are introduced through the
apertures 14 of plate 2. The type and size of screws is selected
by the surgeon after X-ray or other analysis of the patient’s
bone features, and measurement (by depth gauge, for
example) of the pre-drilled hole. Verification of correct screw
insertion (e.g., such that the threads of the bone screw 1
mid-section 6 are not engaged in near cortex 12) may be
achieved by fluoroscopy or other diagnostic means.

Where bone plate 2 requires attachment to the metaphysis
or epiphysis of bone 3, one or more screws 50 (FIG. 5)
adapted for engaging cancellous bone, as previously
described, may be introduced by the surgeon through aper-
tures at one or both of the ends 34, 36 of bone plate 2. Bone
screws 1 of the type described herein and particularly the
bone screw 1 like those shown in FIGS. 7-18 are preferably
used to attach plate 2 along the diaphysis of bone 3. Placement
of different types of bone screws (i.e., cancellous, bi-cortical
locking, far cortical locking) will depend, in part, on the
number and location of the fracture(s). For example, for a
single fracture site 31' (shown in broken lines in FIG. 5)
cancellous screws 50 may be inserted at the metaphysis 52 of
bone 3. Bi-cortical locking bone screws (not shown) may also
be used for cortical engagement in the bone segment that
includes the metaphysis 52. Bone screws 1 of the type dis-
closed herein and shown, for example, in FIGS. 7-18 are
preferable inserted at the diaphysis 54 on the other side of
fracture site 31'. Alternatively, for a single fracture site 31,
plate 2 is placed along the diaphysis entirely and thus bridges
fracture site 31 as shown in FIG. 6. In this example, bone
screws 1 of the type shown in FIGS. 7-18 may be placed on
both sides of fracture site 31 as also shown in FIG. 6. Typi-
cally, an equal number of the bone screws 1 will be placed on
either side of fracture site 31. In a further example, where
multiple fracture sites (e.g., 31 and 31') exist, all of the bone
screws in the segments of the diaphysis 54 may be bone
screws 1 of the present disclosure as shown in FIG. 5.

Prior to inserting bone screws 1, a pilot hole is provided
using a dedicated drill, as will be known and recognized by
those of skill in the art. In the case of bone screw 1, the pilot
hole should be of a diameter sufficient to accommodate the
major diameter of bone screw 1. In addition, pilot hole 15
should have a diameter sufficient to provide a gap on either
side of neck section 5, as shown in FIG. 17, to allow for
limited movement of neck section 5 within pilothole 15 of the
near cortex 12. As noted above, it is desired that a gap of
between 0.2-0.6 mm and, more preferably, about 0.5 mm be
provided on either side of neck section 5 in the near cortex 12
of'bone 3. A gap such as this allows for the limited movement
of bone screw 1. Such movement of neck section 5 and,
indeed, neck section 5 and mid-section 6 translates into com-
parable and substantially uniform degrees of motion at both
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the near and far cortex 12, 8, respectively, (depending on, of
course, the screw size) and is substantially within the 0.2-1.0
mm stimulation range at fracture site 31 or 31' that is believed
to promote callus formation.

Once pilot hole 15 has been drilled, the desirable bone
screw 1 is selected. Bone screw 1 is selected based on the
previously diagnosed characteristics of the patient’s bone.
For example, a bone screw that when fully inserted has a front
section 7 that can fully engage far cortex 8, a mid-section that
does not in any significant way engage any part of the bone
during far cortical engagement by front section 7, and a neck
section that resides substantially within pilot hole 15, as
shown in FIG. 17 is preferred. Selected bone screw 1 is then
introduced through aperture 14 of plate 2 and advanced into
bone 3. As bone screw is further advanced and front section 7
contacts bone in the far cortex 8, the dual lead thread having
a finer pitch of front section 7 advances through the dense
cortical bone. As shown in FIG. 6, front section 7 of bone
screw 1 advances into the cortical bone of the far cortex 8,
such that substantially the entire front section 7 resides in the
far cortical bone. Similarly, no part of threaded mid-section 6
resides or contacts any portion of the cortical bone, whether at
the near or far cortex 12, 8, respectively.

If head portion 4 is unthreaded and itself does not engage
the portion of bone 3 defining the aperture 15, threaded cap 48
may be provided over head portion 4, as shown in FIG. 5 and
FIGS. 17-18. Threaded cap 48 defines an inner shell that
receives the typically spherical head of bone screw 1 and
accommodates head portion 4 of a screw that has been
inserted in something other than perpendicular fashion to
bone plate 2, as shown in FIG. 18. The angle of bone screw
insertion may be offset from the central axis of aperture 14 by
approximately 15° or less as also shown in FIG. 18. While
insertion of bone screw 1 at some angle to the central axis of
aperture 14 is possible, with bone screws 1 of the present
disclosure and, in particular, the embodiments of FIGS. 5-18,
substantially perpendicular insertion of bone screw 1 is more
typical and may be preferred. Alternatively, if head portion 4
is threaded, as shown, for example, in FIG. 12, it will engage
the internal threads of plate aperture 14 directly. In some
embodiments, it may be desirable to further include bone
spacers between plate 2 and the surface of bone 3, such as
those described in co-pending U.S. Patent Application Pub-
lication No. 2007/0191848, the entire disclosure of which is
expressly incorporated herein.

Study

A study was conducted to establish a stiffness profile and to
demonstrate micromotion of the near and far cortices relative
to the plate. Bone screws 1 of the type described herein and
shown, more particularly, in FIG. 7, were used in constructs
applied to simulated bone. The results were compared to
identical constructs using only bi-cortical locking screws.
Used in the Study were far cortical locking bone screws 1,
made by Zimmer, Inc. of Warsaw, Ind., having a diameter of
4.0 mm and a length 32 mm and identified by Zimmer part
number 02.03162.032 and a tibial plate, also available form
Zimmer, Inc., of Warsaw, Ind., identified by Zimmer part
number 02.02261.309. Bi-cortical locking screws for the
tibial construct testing were also used. The bi-cortical locking
screws likewise had a diameter (major) of 4.0 mm and a
length of 32 mm and are available from Zimmer, Inc., and
identified by the part number 02.03155.032.

In the femoral construct study, bone screws of the type
described herein having a diameter of 5.0 mm and a length of
38 mm available from Zimmer, Inc., of Warsaw, Ind. under
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part number 02.03161.038 were used with a femoral plate,
also available from Zimmer, Inc. and identified by Zimmer
part number 02.03260.113. Bi-cortical locking screws for the
femoral construct testing were also used. These screws like-
wise had a diameter (major) of 5.0 mm and a length of 38 mm
and are available from Zimmer, Inc., of Warsaw, Ind., under
the product number 02.03150.038. The constructs and testing
methods used in the study are summarized below:

Implants were evaluated in test constructs representing an
unstable fracture of the femoral diaphysis being bridged by a
plating construct. The femoral diaphysis was simulated by 47
generation synthetic cylinders (Sawbones Worldwide, Pacific
Research Laboratories, Inc., P/N #3403-10) of 27 mm outer
diameter, 7 mm wall thickness, and 500 mm length. The tibial
diaphysis was likewise simulated by 4” generation synthetic
cylinders (Sawbones, P/N#3403-21). Plates were applied
with four consecutive screws proximal and with four con-
secutive screws distal to a 10 mm parallel fracture gap, with
the central screw hole of the plate segment being located over
the fracture gap. Plates were applied a 2 mm elevation using
blue bone spacers, which are most commonly used clinically-
when spacers are used. In the far cortical locking group, the
four proximal screws were far cortical locking screws, as
identified above, and the remaining screws were bi-cortical
screws, likewise identified above. In the bi-cortical locking
control group, all eight screws were bi-cortical locking
screws of the type described above.

For assembly of the constructs using the plate alignment
fixture, the pre-cut sawbones were placed into both sides of
the fixture and held in place. The 2 mm spacers were inserted
into two holes of the plate, one on each side of the osteotomy
gap. The fifth hole of the plate was placed over the dowel pin
in the alignment fixture and the side alignment guide was
attached.

All screws were inserted after bi-cortical pre-drilling with
the appropriate diameter drill bit. All holes were pre-drilled,
except for those with the spacers located in them. The holes
were drilled substantially parallel to the osteotomy. The
appropriate screws were inserted, in accordance with the
construct. All screws were fixed to the plate with locking
screw caps tightened to 6 Nm. The spacers were removed and
the remaining holes were drilled. The screw placement was
completed for the appropriate configuration.

Test constructs were loaded in axial compression via load-
ing fixtures, designed to replicate a loading mode that gener-
ally resembles physiologic loading of the human femur and
tibia, respectively. Both fixtures were made of Delrin and
were intended to replicate the average stiffness of the femur or
tibia. This allows for applying the determined proximal joint
reaction force loads at their respective orientation.

Motion at both the near and far cortex was measured in both
the femoral and tibial studies. The percent motion of the
cortices was normalized to near cortex using the following
calculation:

Near Cortex Displacement

100%
Far Cortex Displacement x ?

The value is the percent relative motion of the near cortex
to the far cortex. FIGS. 19 and 20 show the results of the study
for the tibial and femoral constructs, respectively. As shown
in FIGS. 19 and 20, the ratio of motion at the near and far
cortices for both femoral and tibial constructs was greater
than approximately 50%, greater than approximately 60%
and in some instances greater than approximately 80% within
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aninitial stiffness range of less than 600N axial loading, using
cortical locking bone screws of the type disclosed herein. In
contrast, constructs using only the bi-cortical locking screws
allowed for motion at the near end far cortex that was less
parallel by approximately 40-60% for the femur and approxi-
mately 30-35% for the tibia at comparable loading condi-
tions.

In addition to providing a construct that has an overall
stiffness that is reduced when compared to other constructs
that use bi-cortical locking screws, bone screws 1 of the
present disclosure likewise provide sufficient strength under
expected load conditions.

Thus, it can be seen from the foregoing description, bone
screw 1, osteosynthesis construct formed used bone screw 1,
and methods for using them, may provide one or more of the
following advantages:

Far cortex fixation provides a less stiff, more flexible osteo-
synthesis construct as compared to alternative plate and screw
osteosynthesis constructs.

Less stiff far cortex fixation can reduce stress concentra-
tions in bone, which in turn can reduce the incident of bone
fractures caused by the osteosynthesis construct, especially in
case of osteoporotic bone.

The stiffness of the fixation construct can be adjusted by
varying the number of far cortex fixation screws that connect
the plate to a bone segment by means of a positive-locking
mechanism.

Provision of a controlled failure mechanism by screw shaft
bending to delay or prevent more detrimental failure modes,
such as plate bending or bone fracture.

The flexible screw shaft improves the ability to engage the
threaded screw head with the plate hole thread, especially
when the screw holes in the bone and plate are not precisely
concentric.

Provision of a means for fracture site compression by
means of non-concentric insertion of the screw in the far
cortex, so that the screw head can only engage in the plate hole
thread if a force perpendicular to the screw central axis is
applied to the screw head.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a wide variety of alternate and/or equiva-
lent implementations may be substituted for the specific
embodiments shown and described, without departing from
the scope of the present invention. This application is
intended to cover any adaptations or variations of the embodi-
ments discussed herein. Therefore, it is manifestly intended
that this invention be limited only by the claims and the
equivalents thereof.

What is claimed is:

1. A bone screw comprising:

a head portion; and

a shaft portion, the shaft portion including:

an unthreaded neck section;

a threaded mid-section extending from a first end to a
second end, the threaded mid-section having a first
thread profile that extends from the first end to the
second end and a first core diameter;

a threaded front section distal to the threaded mid-sec-
tion, the threaded front section having a second thread
profile different from the first thread profile and a
second core diameter greater than the first core diam-
eter; and

an expanded core section positioned distal to the
unthreaded neck section, the expanded core section
having a third core diameter that is greater than the
first core diameter and the second core diameter.
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2. The bone screw of claim 1, wherein the expanded core
section has a first major diameter equal to a second major
diameter of the threaded mid-section and a third major diam-
eter of the threaded front section.

3. The bone screw of claim 1, wherein the expanded core
section has a first major diameter greater than at least one of
a second major diameter of the threaded mid-section and a
third major diameter of the threaded front section.

4. The bone screw of claim 1, wherein the expanded core
section is positioned between the threaded mid-section and
the threaded front section.

5. The bone screw of claim 1, wherein the unthreaded neck
section has a neck diameter that is equal to the first core
diameter of the threaded mid-section.

6. The bone screw of claim 1, wherein the unthreaded neck
section has a neck diameter that is less than the first core
diameter of the threaded mid-section.

7. The bone screw of claim 1, wherein the unthreaded neck
section has a neck diameter that is greater than the first core
diameter of the threaded mid-section.

8. The bone screw of claim 1, wherein the threaded front
section terminates in a pointed distal tip.

9. The bone screw of claim 8, wherein the second core
diameter is a maximum core diameter of the threaded front
section, and wherein the second core diameter tapers toward
the distal tip.

10. The bone screw of claim 1, wherein a surface of at least
one of the head portion and the shaft portion includes a
surface treatment including zirconia.

11. The bone screw of claim 1, wherein the first core
diameter is a minor diameter along a threaded portion of the
threaded mid-section.

12. A bone screw comprising:

a head portion; and

a shaft portion, including:

an unthreaded neck section having a neck diameter;

a threaded mid-section extending from a first end to a
second end, the threaded mid-section having a first
thread profile that extends from the first end to the
second end and a first core diameter;

a threaded front section distal to the threaded mid-sec-
tion, the threaded front section having a second thread
profile different from the first thread profile and a
second core diameter greater than the first core diam-
eter; and

an expanded core portion positioned between the
threaded mid-section and the unthreaded neck sec-
tion, the expanded core portion having a third core
diameter, the third core diameter greater than the first
core diameter of the threaded mid-section, the second
core diameter of the threaded front section, and the
neck diameter of the unthreaded neck section.

13. The bone screw of claim 12, wherein the threaded
mid-section has a first major diameter that is equal to a second
major diameter of the threaded front section such that the
threaded mid-section and the threaded front section have a
uniform maximum diameter.

14. The bone screw of claim 12, wherein the neck diameter
of'the unthreaded neck section is equal to the first core diam-
eter of the threaded mid-section.

15. The bone screw of claim 12, wherein the head portion
includes a plurality of threads.

16. The bone screw of claim 12, wherein the first thread
profile is one of a single lead thread and a double-lead thread.

17. The bone screw of claim 12, wherein the second thread
profile is a reverse thread.
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18. A bone screw comprising:
a head portion having a plurality of threads; and
a shaft portion, including:

an unthreaded neck section having a neck diameter and
an unthreaded neck length;

a threaded mid-section extending from a first end to a
second end, the threaded mid-section having a first
thread profile that extends from the first end to the
second end, a first core diameter, and a first major
diameter;

a threaded front section distal to the threaded mid-sec-
tion, the threaded front section having a second thread
profile, a second core diameter, and a second major
diameter;

an expanded core portion positioned between the
threaded mid-section and the unthreaded neck sec-
tion, the expanded core portion having a third core
diameter and an expanded core portion length,
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wherein the third core diameter is greater than the first core
diameter, the second core diameter, and the neck diam-
eter,

wherein the first thread profile has a first thread angle equal
to a second thread angle ofthe second thread profile, and
the first thread profile has a first thread root that is greater
than a second thread root of the second thread profile,
and

wherein the expanded core portion length is less than the

unthreaded neck length.

19. The bone screw of claim 18, wherein the first major
diameter of the threaded mid-section is equal to the second
major diameter of the threaded front section.

20. The bone screw of claim 18, wherein the neck diameter
is equal to the first core diameter.

#* #* #* #* #*



